ing airway (16.7%, n = 43) and granulation scars (6%, n = 16). Other pathologies included hydatid cysts (n = 5), hemangiomas (n = 5), tumors (n = 5), submucosal nodules (n = 5) and polyps (n = 4). Endobronchial obstructions were most commonly located in the right bronchus (51%, n = 130) followed by the left bronchus (33%, n = 85), bilaterally (8%, n = 21) and trachea (8%, n = 20). Conclusions: Endobronchial obstructions can be caused by a number of different diseases which require various medical or surgical treatments. In the presence of clinical or radiological findings suggesting an endobronchial obstruction, FB should be performed promptly.
Intrinsic Endobronchial Obstructions in
Endobronchial obstructions should be considered in the differential diagnosis of children with respiratory symptoms who do not respond to standard medical therapy. Diagnosis and treatment of endobronchial obstructions can be challenging depending on the etiology. These obstructions can be diagnosed best by flexible bronchoscopy (FB) in order to directly view the pathology and, when indicated, perform a biopsy [12, 13] .
Case reports or case series concerning only one of the causes of endobronchial obstructions in childhood are reported [2, [6] [7] [8] 11] . Some studies have revealed the presence of endobronchial diseases in certain conditions such as persistent atelectasis [3] ; however, only a few studies have reported a spectrum of endobronchial obstructions in a wider group of children who underwent an FB procedure [4, 14] . In this study, we aimed to evaluate the underlying etiologies of endobronchial lesions in childhood as well as the treatment and follow-up of these lesions.
Materials and Methods
For this study we reviewed medical records of pediatric cases with respiratory disease patients who had undergone FB between 1997 and 2011 in three pediatric pulmonology centers in Istanbul, Turkey: Marmara University Faculty of Medicine, Sureyyapasa Chest Diseases and Thoracic Surgery Training and Investigation Hospital, and Bezmialem Vakif University Faculty of Medicine. Patients' medical records provided information as to demographic characteristics, symptoms at presentation, FB findings and available follow-up data including treatment modalities.
Flexible Bronchoscopy
All FBs were performed in the procedure room. Patients received midazolam and pethidine hydrochloride (meperidine) as premedication and lidocaine was used as a topical anesthetic. During the procedure, all patients were given oxygen and monitored with a pulse oximeter. An experienced assistant and nurse were present during the procedures to evaluate the patient status and to administer medications. Transnasal FB was performed using the Olympus, BF 3C160. Permission was received from the Marmara Medical Faculty Ethics Committee. Informed consent for FB procedures and use of the findings for research was obtained from the parents.
Statistics
Statistical analysis was performed using SPSS for Windows 18.0. We describe numerical parameters with mean and median values, and investigate the distributions of the categorical measurements by frequency and percentages.
Results
During the study period a total of 2,555 children with chronic respiratory symptoms underwent FB procedures. Endobronchial obstructions were detected in 10% (n = 256) of these patients. The median age was 36 months (interquartile range 12-108) and the median duration of respiratory symptoms at presentation was 4 months (interquartile range 1.5-8). Fifty-nine percent (n = 150) of the subjects were male.
Persistent infiltrations (30%, n = 72), persistent wheezing (28%, n = 70), chronic cough (26%, n = 66) and atelectasis (23%, n = 59) were the most common indications for FB in patients who had endobronchial obstructions, followed by suspicion of foreign body aspiration (FBA; 16%, n = 43), stridor (11.3%, n = 29) and difficult asthma (5%, n = 13). More than one indication was found in 96 patients. Distribution of the endobronchial obstructions in the study group is presented in table 1 .
Retained foreign bodies were the most common cause of endobronchial obstructions (n = 92). Either a history of FBA was absent (54%) or a low index of suspicion was present (46%). Aspirated foreign bodies were organic in nature in 82% of the patients and the mean duration of symptoms was 5.9 8 3.2 months.
FB revealed endobronchial TB in 81 patients. Of these, 65% were already on anti-TB treatment and FB was performed because of persistent infiltration in spite of appropriate treatment. The most common endobronchial TB lesions were white caseous lesions (38%), followed by polypoid mass (30%) and granulation tissue (9%). Lesions were of mixed types in 23% of the patients.
In 43 patients with a history of unresolved atelectasis, FB revealed total occlusion of an airway with a mucous plug. The underlying diseases of the mucoid impaction were lower respiratory infection in 11 cases, asthma in 9, bronchiectasis and cystic fibrosis in 8 cases each, primary ciliary dyskinesia in 5 and allergic bronchopulmonary aspergillosis in 2 cases. In 34 patients, bronchial lavages with saline removed the airway plugs. In 9 patients who had thicker mucous plugs, rigid bronchoscopy was required in order to clean the plugs and resolve the atelectasis.
Hydatid cyst membrane was diagnosed in 5 patients. These patients had atypical radiological and clinical findings for hydatid disease and they presented with hemoptysis and persistent infiltration/atelectasis on chest X-ray. FB revealed white gelatinous endobronchial lesions in these patients and serology confirmed the diagnosis. In 2 patients, pathological examination showed the typical three-layered structure of hydatid cyst. Four patients were cured successfully with medical treatment while 1 patient required surgical resection of the cyst.
Endobronchial submucosal nodules elevated from the mucosa and resembling cobblestones were present in 5 patients. Biopsy confirmed Hodgkin's lymphoma (n = 2), sarcoidosis (n = 1) and tracheobroncho-osteochondropathy (TBO; n = 1) in 4 of these patients. No underlying disease was identified in the fifth, and the submucosal nodules disappeared during follow-up.
Bronchial polyps were found in 4 patients. Three patients had one polyp and 1 patient had two polypoid lesions. One patient had a history of prolonged intubation and the polyp was smaller at the follow-up FB. Pathological evaluation of the other polyps showed inflammatory cells which had completely disappeared by follow-up.
Five tumoral lesions, two malignant (carcinoid tumor and mucoepidermoid carcinoma) and three benign (squamous papilloma and inflammatory myofibroblastic tumors), were diagnosed with biopsy. Surgical resection was performed for the malignant tumors while the benign lesions were followed without any intervention.
Endobronchial obstructions were most commonly located in the right bronchus (51%, n = 130) followed by the left bronchus (33%, n = 85), bilaterally (8%, n = 21) and trachea (8%, n = 20). Different bronchoscopic views of the patients are presented in figure 1 and 2 .
All of the patients identified as having foreign bodies (n = 92) were referred to rigid bronchoscopy. Nine of the mucous plugs were removed via rigid bronchoscopy. Additionally, rigid bronchoscopy was performed in order to obtain biopsy in cases with tumors (n = 5), polyps (n = 4) and submucosal nodules (n = 5). During FB, only 6% of the patients had minor complications such as transient hypoxia, stridor and tachycardia, and there was no major complication.
Discussion
In this large series of FB in children, 10% of the children had endobronchial obstructions. Aspirated foreign bodies, endobronchial TB, mucous plugs and granulation scars were the most common causes, followed by relatively rare conditions such as membrane of hydatid cyst, hemangioma, tumor, submucosal nodule and polyps. Similar to our study, Wood [4] reported that foreign bodies, mucous plugs and granulation tissues were the most frequent endobronchial obstructions in his 828 FB series. Among 420 FBs, Eber and Zach [14] reported 36 cases of obstructing granulation tissue, 5 subglottic hemangiomas and 5 endobronchial foreign bodies as endobronchial obstructions. Vijayasekaran et al. [3] showed that the underlying endobronchial obstructions in 56 children with persistent atelectasis were mucous plugs (n = 16), granulation tissue due to TB (n = 2) and foreign bodies (n = 2).
In the present study, the most frequent causes of endobronchial obstructions were undiagnosed and retained foreign bodies. Clinical, radiological and bronchoscopic findings of the patients with FBA are related to the nature of the foreign body and the time elapsed from aspiration to diagnosis. Rigid bronchoscopy is the preferred procedure for the removal of the aspirated material [1, 15] ; however, in highly suspicious cases with patients who have no history of aspiration, FB provides a safe and simple way to definitively exclude the presence of foreign bodies. History of aspiration was not present in about half of the patients [1, 2] . In our patients, history of FBA was absent (54%) or had a low index of suspicion (46%). Most of the aspirated material was organic in nature and commonly detected in the right main and intermediate bronchi.
Endobronchial TB was the second most common cause of endobronchial obstructions in our study. The reported incidence of endobronchial TB ranged from 41 to 63% in children; however, the incidence of endobronchial TB is unknown since bronchoscopy is not routinely performed in all patients with TB. Endobronchial TB presents most commonly as caseous lesions, granulation tissue or polypoid mass lesions [5, 6] . In this study, endobronchial TB was detected in 81 patients and the distribution of the lesions was consistent with the literature [5, 6] . Of these patients, 65% were already on anti-TB treatment, but FB was performed because they had persistent clinical and radiological findings despite appropriate treatment. All the patients with endobronchial lesions improved with the addition of steroid therapy except 2 in whom laser ablation was applied.
Mucous plugs may obstruct the airways and lead to atelectasis, causing recurrent respiratory infections or chronic respiratory symptoms. For these patients, detection and removal of mucus plugs via FB has both diagnostic and therapeutic importance [3, 16] . In our study, all the patients with the mucous plugs had atelectasis. Lavage and aspiration were successfully used in treating the atelectasis in these patients; the few patients with thicker mucus required rigid bronchoscopy.
Hydatid disease is a major health problem in many parts of the world, yet there are few reports about the endobronchial presentation of hydatid cysts in adults and children [11, 17, 18] . Usually, intact lung cysts are discovered incidentally on chest radiographs, thus making FB unnecessary for diagnosis in most cases; however, some patients may present with atypical clinical, serological and radiological findings. The presence of whitish-yellow gelatinous membrane is the typical bronchoscopic finding [11, 17] . In this study, FB showed that 5 patients had hydatid cysts. FB revealed typical cyst membranes and in 2 patients diagnosis was confirmed by histology. Bronchial tumors are rare entities during childhood and show a different pathological spectrum from adults. Bronchial carcinoids, invasive fibrous tumors and mucoepidermoid tumors are the most commonly reported tumors in children, followed by endobronchial hamartoma, leiomyoma and schwannoma [7, [19] [20] [21] . In our study, FB revealed tumors in 5 patients and biopsy confirmed the diagnosis of carcinoid tumor, mucoepidermoid carcinoma, papilloma and an inflammatory myofibroblastic tumor. Since patients with tumors may present with persistent infiltration and atelectasis, early diagnosis with FB is important in order to prevent morbidity and mortality.
Bronchial polyps are rarely seen in childhood and may occur secondary to long-term intubation or may be inflammatory [8, 22] . One of our patients had a history of prolonged intubation, and in 3 patients polyps were inflammatory in nature and had disappeared by the time of follow-up.
In the literature, lymphoma, amyloidosis, sarcoidosis, TB and TBO are the reported causes of endobronchial nodules [23] [24] [25] [26] . In our study, endobronchial nodules were secondary to lymphoma, sarcoidosis and TBO.
Different types of endobronchial lesions may resemble each other in appearance, making a definitive diagnosis difficult. In such patients, endobronchial biopsy and sometimes rigid bronchoscopy are needed to better define the type of lesion [27] ( fig. 1 , 2 ).
In conclusion, endobronchial obstructions can be caused by a number of different diseases or conditions which require completely different medical or surgical treatments. FB should be performed promptly in the presence of clinical or radiological findings pointing to an endobronchial obstruction. Early diagnosis of the lesion may prevent morbidity, mortality and unnecessary treatment.
